devices' producers or existing strength equation calibrated with a smaller number of cores than that required by such standards, Ali-Benyahia et al, 2017; Alwash et al., 2015; Breysse, 2013. Although various equations have been derived to estimate the in-situ concrete strength, these equations are usually calibrated with limited range of datasets at the time of derivation. They are generally inconsistent and scattered when they applied to estimate the concrete strength constructed from different materials due to concrete variability, Vasanelli et al., 2017. The use of rebound hammer and ultrasonic pulse velocity in practice is disadvantaged by the lack of consistent strength equations. Therefore, there is a necessity to form general strength equations that is calibrated with wide range of datasets and correlate well with a large number of test specimens. To that end, three statistical equations based on non-linear regression analysis are proposed to improve the compressive strength estimations of in-situ concrete. The first equation is a function of the numbers of rebound hummer, the second equation is a function of the ultrasonic pulse velocity, and the third equation is a function of both the number of rebound hammer and the ultrasonic pulse velocity. The proposed equations are calibrated with 372 test datasets compiled from previous experimental studies. The performance of the proposed equations is examined by comparing their strength estimations with those of related existing equations.
REBOUND HUMMER
The Schmidt rebound hammer is a simple inexpensive method that used to evaluate the hardness surface of concrete. As shown in Fig 1, the device consists of a plunger, a hummer mass, a spring, and a sliding indicator, Malhotra and Carino, 2002. When the hummer is pushed against the concrete surface, the plunger generates an impact on the surface. The rebound number is simply the measured distance by the sliding indicator Malhotra and Carino, 2002. The relationship between the rebound number and the concrete strength is basically derived from the wave propagation mechanism, Akashi and Amasaki, 1984. In which, the ratio of the compressive wave induced by the generated impact on the concrete surface and the reflected compression wave associated with the reaction force, which could be empirically related to the concrete compressive strength.
ULTRASONIC PULSE VELOCITY
The principle of this method is to measure the velocity of compression waves through a solid medium, refer to 
Where, is the dynamic modulus of elasticity of the medium,
is the dynamic Poisson's ratio, and is the mass density of the medium. Following this law, a relationship could be established between the velocity measurement and the concrete compressive strength, in association with the existing relationship between the concrete compressive strength and the concrete modulus of elasticity, Pascale and Di Leo, 1984; Pascale et al., 2003.
DATASETS
The measurements of rebound hummer and ultrasonic pulse velocity were observed to be affected by the mechanical properties of concrete. Thus, a total of 372 datasets of concrete specimens tested by Schmidt rebound hammer, ultrasonic pulse velocity, and axial crushed compressive strength were compiled from literature. Specimens were constructed using different mixtures, from various types of cement and aggregates from different countries, subjected to different curing conditions, and tested at various ages. Details of concrete properties and test programs are not described here, and only the salient points are summarized in Table 1 . Specimens considered were cubes, cylinder, beams, columns, and foundations from various test programs. The ultrasonic pulse velocity, , of the compiled specimens ranged between 2.2 km/s and 5.4 km/s, the rebound number, , from 20 to 53.5, and the crushed cylinder compressive strength, , from 16.3 MPa to 48.7 MPa. Statistics of the datasets are presented in Table 1 . It is important to note that the crushed concrete strength is converted from a cube value, , to a cylinder one using the following equation, Neville, 2011: = 0.8 Eq. (2)
EXISTING EQUATIONS
A critical review about the selected existing equations revealed that these equations are generally varied in terms of their mathematical nature and the considered variables. Equations are either linear, non-linear, or exponential. Some equations are single variable consider either the numbers of rebound hummer or the ultrasonic pulse velocity, others consider the combined measurements of rebound hummer and ultrasonic pulse velocity. Table 2 lists the selected existing equations from literature.
PROPOSED EQUATIONS
The following equations are derived from non-linear regression analysis conducted using SPSS Statistics 22, 2016, to estimate the in-situ concrete compressive strength from non-destructive tests. (4) and (5) in / . 4), clearly shows the improvement of concrete strength estimations when the combined rebound hummer and ultrasonic pulse velocity measurements used together. Further comparisons between the strength estimations provided by the rebound hummer equations (Table 3) and those provided by the ultrasonic pulse velocity equations (Table 4) showed that the ultrasonic pulse velocity method is more efficient in the strength estimations than the rebound hummer method, Pucinotti, 2015; Qasrawi, 2000. C. Combined rebound hummer and ultrasonic pulse velocity equations Table 5 compares the mean, the standard deviation, the correlation coefficient, and the root mean square error of the proposed equation, Eq. (5) a The destructive tests were conducted on cubes with 150 mm side length and the author has converted the concrete compressive strength from cube to equivalent cylinder strength using Eq. (2). b The destructive tests were conducted on cubes with 200 mm side length and the author has converted the concrete compressive strength from cube to equivalent cylinder strength using Eq. (2). c the source has reported the standard cylinder concrete compressive strength. d The source has converted the concrete compressive strength from core to equivalent standard cylinder strength. e The source has reported the concrete strength of the specimens in terms of 150 mm cube strength and the author has converted the concrete strength from cube to equivalent cylinder strength using Eq. (2). 
VALIDATION OF THE PROPOSED EQUATIONS

COMPARISONS BETWEEN THE PROPOSED AND THE EXISTING EQUATIONS A. Rebound hummer equations
